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Spatial Distribution of High-Frequency
Electromagnetic Energy in Human Head During

MRI: Numerical Results and Measurements
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'"",,,,.oipil)' r""'ily'" for o""il,.,or 1«0"'''''''' ......""..
,"n_"", AI", th' "'.... of i,...........10< J·D mOl.."
",.01" OlOdoling wi<h. moo" small., "",.,b<, 01 ol_lor
"I< _no ""''"C)'. "hieh ,av~, """,pohng "nI' 'nd """f'Utet
'''''"''''1 ",qui",,,,,,,,,", The i,,,,,,,,",,,,";' (0""" 1,0"" d"n". ,
,.',"on,hip """,-, the ,f,m.., .,."hOi« " '0' 9<>";' ,",ide
, ",'...Iolnoot .00 tho .I,m,.' oodoJ qu"';6'.. \»' """'ll
tn. "me """I'OlIIli"" 1'0,,""'" "" oil "" qo,,",;"",' An
i'OfWllm,,"' l·D 01...,..., "'''" 26 nodos j. o,p;e"'" in !\g. i

11. D,El.t:cr"'" rO"PU11U "" "'" TlUU"

11«,", ~pe'" {I 'I. [(4) 'R f.-.q""'1-"I"'_ iR"l"ni..
,r ,;...... (0< ...""",,,,;ns , "._"'oJ ';m.'......, io • """'0
]'''''1"'"'''' '~<Lrl"., E'ci'i"ll m,goeli< RF p.l... i. """ ,.,.
"f MRI <." '"' <on>;dmd .. ''n""".. ""n~'" ~..,;oo "
f>4 MHi. Th....[""', a, ,1;0 i"~"',1<.<1 i, WI, ;, _ ,"'-,

Lho ''''' 1mI" D...~o "I",.,ioo "lUW"" w,", ....1) , ..
,d,,,,ion 1J><I""r<~ ..,d ,>l... or Lhe """"ni'it, .. '''ory

low'" .,~ '~e,y '"Ill>" r«<j""";'" or ".. di""",;on "'8;011
'''" gi,. ",Ilid." ,pp"'..,...."'" '0 .... pml..., Si""" jn
'I" lile"'""" Ii'" "I... of ~"'''''~''' I""..,.,n.. .. t\4 MIh
W,","", ronnd, f!le "I"" 0' o\l 'Oe "~,,. '" Lhe ho'd ,...""
""'POI."," " '"" ''''q,..., '<0" ,he ...""'" """'" II SH201
'" OI,e, LQ ,"i']'1 th' m'J"'o,,~ Ok"'" ",,'''i'''',
n, "-"mpl•• oond,""ivity, ",," In th, ool,ol'fio, i'

"'~.." .. folio'"

where

~ "" ~,~ 01 ,.., """,~I.. co.oll<,j.,,~

... '0..1.. ~"'l""'"'~ (l~i)
<, permi"i';ly of ''''0 "'P"O

" "h"i'" pc...i""·i', 0' '., m... n.1

"',...,", .. '"0'" io l61 '''''. deMioo" ,oabl.. i",I.~oo

of di'pl""o=m ,",,,,,", 0'''';1)',.' wtU
Th' ..100' of a ""~ <, _'"'I did","';, propon-1i.. Of

V<Mo' fi ...... ". Si..o in T.bJo I.

...._-,-",.""-_._""'...,. ..,,.... ,..._~,,_._-_.



co,1,("1)
1,(;')

fjL~"o,('J d til, t ...",,,,,,,ol 0.,<1 Il,,(i), lb, ""juli"" of
tho m'gT'I<""'U"" is paformed onll by ,ho "",i,," RF ~,Id,

i,e., 1h, cire"'Ofly ~olBriUl<l u,""""",1 """,,,,,,..,,, .8",,(.),
which '0..... t" til, !om" """',, 'P'o, p""'"

'n <\rtle, "' 0"""'" "" RF-1i,ld ",,,,""'.0[ 'Hp ""-'" Q(~)
i" ott ""'i""'Y 'bpo.. o,e ... ,., ,liminal< ,h, odd;,l","
~"'U.O" dcl"'o,,, [oR"",,, on th, ';10" ,,,,....iL,, '111",
''''1 """I, f"'m tho ",I .."i"" ,,"'''' TJ(.i'), 'J,(.f), th, '1'''
,o"iL, pl±1 ""~ ,ho <oil ""'p1,,,,, .....i"vily .~(.il. If 'wo
"""O",m'"~'" petf"""d "i"" '"" .,.mc .1<30 """n"""
an~. """,i,io, ,i..oT~ gl"'''' tMn IT, m.o. bu' '''''' "itr,,,,",
o"i1"'oo ""81,~ <>,cf) ...d a,(ii), ,,... T1l!io or ,ho 'i~""'

im,,~i!)' <lit;trio',;On> IJ ("l/l,(i) ~"s ,toe !ollow;,,~ "lu"i""

c.

lb, f,,,,,~oo l,("lll,(i) "'.I",d. onJy "" th< Jlip "81.
d;,"iOO';"", ..d "11'1 ...0 o,(cl), Th, .~dO"o'aJ ,oodi"""
",(il ~ 20,(,i) ,.....,... "'" ,"I<'I,~"" of til, fl;p Millo
Oillf1ib""", "1(")

F.,.' .....,,, ",.".. "", _" .. I'~....,,,",

• ~one" o"""oll"
• "h"e man"
• q",y moll'"
~ "";0
!::J mu«lo

"' 0'-
'.:' 01'

".,"", 1"1"_ 10' OIl. A ~.." ,~~lyjng Lh< Co.loeb ga'g<.
""";lio,, to I~l "'~ Irn

_., r."""" be.,.)";..........""'" ,""'... ' ....0';" p'''''''''''
.} is ..' "',..'" 161

IV, THe RADIO FR""u...cy b...",",. "I~'Jo

Venfioati"" of lh, ""mmal caJculaliOlls i, r<rl"o",,«l " •
''POci,1 mogn,,;o "''''","'0 imogi~_\71. Thj, ",,011<>1
"'W"" '1>0 iD~"cot< oftll. RF·fiol~ <I<p«l<lon, n.p "",I. <>(.1
of 'ho _tization on <ignol i""'''';Oy l(i). F.. amp''''''.
mod"',",~R.F.I"'I.... 'ho nip IIIIglo dislriOOhon i, P"'P""'onaJ
'0 c'>o ampJit"~o of the ro-,olled ''acti""., IU'-fi"'. 10~,
RF m<1"''''' fiold B t (£) 0," h<~ ;n • lo"~",llil>oI
fioJ~ B ,.{±) lind two ,,""'..- ,""'iog c_o"" B, ...li).

lbe k''''''''cd!:, Qr '" a,(cl) dL\,,;~""oo "'...." " ~,..,M< "'
""",,,,i... Lh< _Ii"",, or lIE ...." .... IJ, ,..'d ,0,"_"
by Ill< r"uo,"",@ (0'''''1'

~ fell " '.. """",.~~ ""000', , ... j'j'"",,~o

"'0 ' """ I. til, ~.,,, d_
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,,,. '01
,,,,- 0.0,
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"" 0."=

V. 01""..",..., MOOR CO" H>.AD

"'.... lin. ,.., boo. foll.,....,;l ,illJl'"'-'"' c"""V' i" II><
"""""..",., "".:t."" wi', 'h'ir dilf''''"' 01"",", P"'~"
"., nom"ie,1 n.., i. ",ood,l.,,] ""'" MR """l> of • "0'.,1«,. 11,,,,,,,"01.... <)" p.....,.... rof...n<o wOO All.,,.,
S'C""""' H"","" ".ofO"" (1'1. n, ",od.1 CO";,,, of 11
dill<,oot ,;""",, ,1;'". ~"'" ~~j" "d g.y m'lI<T, """.
b""p'",,1 nu;J, 0'''''', <,. "il"o", "omout), blood, ,","'I<,
I,,,or ,n~ <mil.g<, AppJ;<>l "o~' <!<moo"~ (F;~. I)
,",hi. Ln' ",,.,.;,,,ion'" 'flo ,oot-' 8M ;",..... ><rum,....,tn
• ,..,,,"..bI1'''~ ,""lro- of.I<""'"1>. Th. ",no ~_, ""~,,,

of II ,1,«, (,..;,~ Ll <., ai''''''''). E""h ~"'" <Ii« ~...
r>ilniLioo04 ,.,"~;,; <I.m'"~ (,.. 'I.I!. 2). "'" '.'1"" 0( ,"

01<"",,> """ ,.. "'''''' IIIld it follow' ,II< .0.."".1 '"''''
t".d ""'''"~ 0", of tl>< ,.."i,lio.. in',," "'ool,"ng ~f""

'0 'b, '~LiDn "" ,II Ih' in,";o, '~" oj ,b, 01<01.""
muSl t>o 'mall" '~.n I~'j' "' ''I'" ,,,, o"nsi'8ulor"Y of
,I>< I.roo;". oper"'" ~'.Ii,~ ,n, ",,,,,.1 iglob,l) «lOrn;n",
</on..""" LO "'" l",oJ coor:Ii.." d<1l'''''''' 115), ~.t"J'ying
,.. "''''.'y''''' cO",I. i' "'I, po'~hlo ",'h ,0",pI= ",d
"""'pOl'O,"" i.'_. coMo"";n, c"'_". DuI: '0 rho ""pi""
i, \...d t f"""ol"io' 'fI'l ",i..... _n<lor)' conditio", it
"teo. '" "'" "'0,,"" _"",,i,,), i, .... n"""""'J '" _,I
".t. ""'';0",,1 .Ii.." .,d oJ" ""","';in8 '!"C,. ~",.. l_D
i"..-p"...", qf "'" ,<>,,~ i' ""I,;red. "'" ""e """,1>,,, qf

,I.m,n"!,,,' ,rr., i••""'LIrJ' f.,.- IilWUing'" coo,,"'_
..d ,0"""",NI;", ~~ui.._", [lll_

no "ou..",..... <II 'J'Uio''''"' <oonW,;on, "",~, ..... h"d
I'lid' '" to. "I,u"","" of '... '''''ilio~""8i''''' rv.IO "" rho in·
1<,1'"", be'w,'" ''''''0 m.in ..... (,i,·h,,·Jl~, BI<n--So'..,',,,.

A...ume" cv",,'" in Ill' ",II i:I ~.~7 A.. "hl,'h prod"", ,
<,I", of ""IJl,lic ~,Id """,g'h " rho =to, of Ih, ",,;I 0('i." Am. m ~-f), "Th<nnaI _;v",'.'" ,to' ",,'..!"I..
1""" in • 1"'1.. _,",'0 """h" "", .,..- ...:.uo 0·'" •
"m< pot'" 0[ U,79 .,,_
Somm~ "', modol '0""'" 0( II <Ii«> wilb J~

• Ie""",,, willl H ~i"""", ",CDi01ll f!"'FIC'\ .... which ....
bo, if """",...-y, rW1lc' dlvidoOd _ ~n;.. ol,,,,"",, (.,.- ""'"
d<1IIi'ed i""""igalitolo. "'" w_ JOOdd. o<>ooi"" of <>l:!O
,I<",,,n,, 11 164 "I"",n" IltI =-ory for modoii"l! f.""...

round"; n....- h". diol«Lli<: ~"''''''\ of "',. Th' modol
i. oJI.. i" fig, ,_

VI. "'<UL~ 0' mE (""l£"'--"""~

A,""',n, "'" he..! ... ho,",,!1""""'" 'ph". "'"' "oI>inll
Lll, hi"",,"', ,q,"i"" I", 'hi' """

i IQl

wi'" ,0"tiI.tive "I,,",,'. [i =~. E) give,. dopen"""",, 01
\0, i,d.«<l ell,,",,' ""''''>' 0. ".. ,ompl.. ""'du,,;,"'- ~',

upernllng r"'quooc1 ... <>0'" oflllo objo" -...d "" ,,,,p'i,"""
01 to, high-f""1"''''Y m'gn,o, "010. lli' ''''l' ""'I'lio.o
"I,",.",," .,,,.'" in ti<B high'" """"'" d,n.'" i, ,~"" mO>l
~"~", from oIl. "n,e, or th, hood (o,g" .'~,"\. ~"' " [01-[ II]
t'O po»<tnliry or ,110 pres''''''' of loc,1 hc"i"l d., LO Ll\o 1''1:''
'oclll '''OIl """",ill"" ilI,ide h(gIlIJ h,_S"'l""" ,.,,,n',,..
;, ;"~i""","- "Thi' ,","',,"'" is pro". by .,m,ri,,1 ","c,I..;"".
141. [5). ALlh"",.ll WI 'h... "Ie"'''iu" ,nO ",,",ie> '"' mado
r",. bu...n''''''' ""' ,,,,,,I,, ",.,,,,,,i"~ nu""", -.-8
~ '0 • 'ighl, "''''''8'''''''''' "'''''m«, !ho ,,"'" "'8'0" willi
h;8" loco''- oI<n"'W d<ro""'""" ,11

Thblo II give. """,;mum S~ ........ ,tle "",i,;"" of th,,,,,
,,,",olu\< ".,doomm ",.,. " ," "'y",. moximum SA', in me
i"'<rim m8;on 01 lIlo I.yt' (if Ollyl-"h01 'poU:' d\< po<I"""
ol the.. '1IoL ...., .. and tlto I.yo, '",,,,gtd 1,,,,, '0' ",~",
,he I"~,,, of ,~, ,"",.1. Th'''' "liu.. '00 "'''''1''''' ra' 00<
r!lO' {,mol pul",. T1Io I.yer-'''~'d SA'5 "" LI]lI",,""""I~

10 ,;""', lo~" ... "" m"imum "Iu" I", oJ" """'"
lay'". I, co,. t>< "00 "" .ocordiog '0 """"'Oe,", p""'""""
lhi' mg;'"" ~ """"'y ..."_ Bo" ",,,,I,, 'how ,,"0 '"" ""111
d~'rih",,,,,ooe, ,u" 00<,.,., ,,",,;.100<I. ", .., """rcc--wrn,
~"'" •.,irlc tn, roodoJ rJl"'" Illd'><' eo..-gy depooiuOll, "
w,n. '" 'fl)'O' """'bot I, 3...0 ""'" i,cte<>eS 01
..,,.,..,. ....-';,." oro loe."" '" ."" "",;oJ of Mood v,,,,,,~,

i. I.y« ..mbor 2 and 4 in m'>e'" ,;" ·~o ,oJgh_ of
__j.w "'Ii ,-b",~ bo=) ...~ '. 'Ol"" 1, ~. 9. ",d 10 i•
n oo...m..pin.oJ Doid (c.'lF).

0., "'" hooJ' of "".If. 1"""""'" '" Tobie I~ "'" .01....
1.,.- "'" ........ caBO" , .. too <ol<eItILeol. Le., how h;Ji' '" II..



"
TAI'L>' m

,,,, c,,"" ."..... '" ""'" """'~"""""'" "" " "'_ """"- """" """' ......,""-'~ n.uo '_"'~''"'_~

'Oml'IX'"~,"~_P"""'" .1"OIion for tne .... imom ",,,,,
01' ,.., S~ J~"', in tn, "'0..,;.,;,1 <lllooto'ion lor' ""rod no"
;',Iu' ;, _"'" on ,,,, '-no' 'por' in <II, "fU1 !;;o- "'" ,,,,ion or
<ho ","",,, .OU \1>, cO«' b""". bao._ ... );801, "",,""eli,.
'"""'~ no,,", js j .., bel"'" 1__<1000"'1" be,., """"_ fI=
1M 'A ",'ch" 0.21 Jlk$_

-rho "''''po"ru,. i.."...., .. ,",,"'" 180 0 (oe.llo) p,'"
"Ii>;lj"~ ,oollog etfoc", i' ~.,"'~",

il.0 rn -'.'1, .....,y (11),
·~h,.. ,-, "'v«'.' h", of Ul. m,di"," [JI(kgOCl]

U"'OB ~AJl1<l" "'''' of D.n Jl\<g ,no < of ",,",,, 1]~W
J/(kg ·ellllil.. <1~ ,,,,,,,,,,,'u,,, iJ",,.,,,," iiU i, 6 ILl"("

0" the b'''. of p..funMd calcnl.rion of lrlln,;om ,,"',..,.."'I' di<r,i'.';oo 101. -'bo' ,po'. (''',"umi"l! a ,pj"",,. ,,_
with 000""1 ""'I",tit, 0' mu"'" IZlI ..., • _ .. O,S om
,"'bedd'd ;0 • """"'V"""'" lDodium), w, ".~I"" ol.o ...
'''''''1'''''''' ,~oLm& off'" doling ,,,. "00 'P""8 of 14 m,
whi,~ I.." '0 Lb, w"'"'''"",,,irn__ , The ,",.oj """P"'"""'"
'"c...." of tn, ''ho' ,pot' i' in 'hi, ' ..

". "'.mber of "n.g«! ,Ii=_

n, t<,O'>t>;r of p,I"" 'Of imaging on, ,Ii",

Con'i"'""" roo _,., <>1.<0 of • lJ'Pio.oJly ""'" ,..
~""""<'---'h,"lul",li" ..,,'" 'pio_I>COO seq"""" wiUl n. w z:l
and ." ~ 2Gll (16' 16 + lr,/lJ 'i.e" 0'0 ''''''''""'' 'a.-",,",
'Ii'" «m'oin, ,i."". 9Il' 1'"1= =ry-iOl iJ4 or lh< p<>W"
""d 16 ~ \0 = 1,6 1~[l"(<<ho1pul"'1 s;"" 08", ., 0.36 0(',

T.ol" m ~... "I." 0' m!IXim,m 5"1\', ''''''s«' 0_
'" mi...."". to,' oac~ 'Ii"" """"'l""1diOI.""P"".ItO ""reo""
m"","-'"' SAR', ;n Ib' ;n"tior '"IIi"'" i'""""p"'-I").1IIo 'or
""f'O"'".& ""'pemum ;"rus".nd I.,..,. '''''''4<'' SAW"
Th. "0"'""" <>f ""~'" to RF "."''1 i' ,"-"n "' 1>0 '.7
,0<01140 ('I'l'~'" "',00 m.llisl;'" 'pio__ '''1''= witho",
'=aging). Tho _Oon oC <h. lUoWnWD SAR !D ""'" loy".

~'"oIl .. tho po,iti"" of 'ho m",""", SAR;. ,h. I''''li'''
"'!!ion ,'1m. spol").,., gil'lm io Tab'" IT,

Tho "'".... I"", lI~kg ·CI] ",lid", "~'o.,, ...., lu.
[2Ij_I>l__J81S, "",,01,_3639, skin-,o~, (:OF _·,1",
of "'0"" (JII ·Cj--4I82. a<;'""S ,ocornm,nilolJo'" in ,~,.

field [I), iZl\. [1'11 '''' SA 0' SAR-<tepend;"l' 00 , """,",00
<ime- .. ",,<1"". ~".. 'I',.. r..- rtoAoing roo 'umoll"", 0o
.'pcoo". ,;." Ih' "'I"""" to RF noM< ;0 ," "-'-<0 of ,,"
m'O';"'"'" '''l''''''' I,~. 4,7 ,",c. who'" I'" ;",osing 6n" i'
only 1 mum" ",,1 J2 """"do "~,, ,.., 1, "'in'",'I, tho
"",om""'dod volu< <1f SA~ ;" WItjJ ''"''l'oj "'0' ,n.- ,;,
,.;""".. I;-om "'" ,oJ",l,""" ",,0. I" en. '1",;nO mndelod
""ad ""d lIppii«l ""Itisli" fU'l.- '1"'-'""0 ""l.'"'~;" TO'
"d~lo-"',p<d ""old ooil. "'" rn,,'m"m ;''''1 'or' "h", <1"',"
i, .l.61 Wlllg, A~o, """,nJi"S '" 'oe " ... 111.122), l'J] to,
.",,"'''"''''' eleva""" ,...",,, '0' ,,«<oJ 1 •C. Th";,.' 10 'm"
i" ,,," ,oJ"'~""'" '"' oolly lO' Ibe who', ...... le"'..-".,",
j,,,,-.e.~,, ol" ,", ""'.","" 'pOL"

Th, ad<>IIl••",. 'N" pm_',"" DEC 1(00-"'0,,"' ~l"
AXP wi.. 190 IoIB,....""0<)', 5;x) IoIlIy'e, ,w,W;"! "',,,
""d 2,0 Oil, """i "',"Ml0'. The ",,1'"[";00 oi ,h, wool.
~..d 1.... 1100 ;31 ,.;""",,) or CO"'JI'I'" ';''''

VII. C"""'t,,,,.

W..." ,;onu!aO>j Lho IU' MRI <>p""". _[[i';on, 10'
,;", >w""'" _ by J'j";" E[o"",,, MOl''''~ 26-,00<1
;'°0_° ~r.;'eet.m<""'.Tho ...... ".~ ....~ ",<>!OJ", f<om
MIl """.• or. "",,",,'., w;'h "",,",.. io,,,,,,,,ti,,,, ,,,,... ,0..
Aria' 01.1""0'0' H._. A.........' i24]. 11>, ;"01",. ",'" ,.."
boo' O1!Iculltr«l "'''~ ~"U;'''''< 'W"'''h, 1>«"" ,n. plm_
;(:;l] 011_,""", of '"' !<F MRI 1..<l-ooil ,""6",, '0 th' ,,.,,
""""it it. Tho!<F ;",~"-! m"hod_Doobl, p,'" ,echoi,,,,,
"",",on appliO'l "",', """!i<oOOo of tJ" nu"",",,1 m,thOll,
T,,,••fo.. "" ",,,,,,,,," ...~, field h.. boon "I,ul",'..,d
"''''''''''", A, ..... ;n I';g. '('I ,,",j (b), b"'h "",L~ ,Iiol",
"'l' gOO<! _,m '''lid'""g Lb=b, ""'_ ""'"''''f of lIT,
",,",,"'" -,
M-" """"..." ;onoS;"! ' .., IU' "" .. "''1"''''''''' '"

orW ., 00mJ0 '''''&''', 1. m;, 1'0,'" • -"""f' ".~,1i<



,.,

'""~4. 1'1 CoI"I,," ... {,) rn,,,",,,, ",,",.•" """I"'.'" of ..h',>-_"" ,~ ... M1h' ~ "'" ......_ I'" ~, '"l), N,
II. .",. ~.. of n", "(0) .... 'I,) ., ,*""... too.....' A-"), " ...
A--O."'-'I.15 {III ......"",,). " ..... !I-<ll>-<J.", ~~~ e-o ,~""'" ,,-,>.,,_1."'.,,,, """, [;-1.",""."

Oil .."i",.", 1<>:.. '"'" '&mp"""'" ;, • h<'d (J~ °C),
lllll "oold no' t>o ,,<a<lo<J '" ,", , IWI _ Pr<l\Kl5<d,
We ft,.j "" lll, <&I<oluol wo'" , ,"'''''' 10"'1'''''."'
,"''''... or O.l~">; ,II "'" ''11", '~" ;, "",,~dmol~ 10....'
lIw th. I "e--.-_<O<I<. ;11<..... 01 "" wbole OO<I~ in
NIU'U ",r." 1I0i<I<J",""

Of '''''no. lll' ptOol"" of po.."l< ',,",olalio" elf«" .""
"' 'ho "~j '"""... ;11 "'< """''" body "",,<0 bJ' ,... ,w;t<"~
1\1><1;,"" of II" _,;, ~."' ,till """oj", ro, j"""~g>t;"',
......,11 os me ,ook1Jl,,,OfI of IU' "'lgY d'f'OO'"o" and _ .
po".....1<".... >t "'g/I<' h<Iq""'i.. (d,e '0 ";~ ,,,,ic
",'_'C ~".) wbo<" w;I' "",bo~ly ""'" val,.. ,10'" '" 'I"
Hm" "'0"" <II< ..,.Uon«l '''0,"''''''''''_',

"«NQ.. ' ......... "'"
'ft>< "'<ho" _ ..~ r""" ,"" ""p,"] ""''''''"'' "'0 ..g

go...... 0' o. P. G""dh,

"1 t """ ""•........, .,,"" '''"''''"00' j. ,~~ ... ,,.,,,.,....-- "' .. "._ ..."" ....... ..,.,. """"'- ,,...,.,"
11>"-'. ";,,...~ ",,~,... , ""'. MIT·"', PI" m_..,~ M.,,.,

"I L·'.o-"'O.' u-' ....-.~<i""" ...."or .."''',,· ......_, or .;_ .. _01.,."".. "","":. lao T_.

.,_ ,. ".,." ", ,m,
<'I K. 0 ,,~ " "'"." J, , ..~,.;~ .""""'_,~

'""' ,r _"' , .,."""<oJ~ "''''_.. '.'·bod'""""""or 0'"""",,,," ""',_ ~,,,,••"'''OT~~ "'..". '''''
~"MO.'" P!'- ",..." ....' ,"'"

[<I N. o~,,, 0." ~>,"A"O '......... ""'.... " "".I.~
"'__ " '~",""d bodl" ""J"''''' ~ ''''' """"i_""~
,,","'-" IEIiE T__ """""'- ",...., n,,,.1>, ,~ "1-",, A"'
'"'['1 M, llio""""" P, _hI<. ... D. P. "'"''"'' '*"" ....' "..,",....., -....., ",. '.,.,..to,,,, """"(" .....,_.,
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